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S REkAARLERREXN T EREY
R E S R0 A Lk Y =2 Wi

EaE, EHE IEF, F B ERE

( 1 SNBSS M S FREERL A2 e, BHIH 550025; 2. StNITE R -=ig ARt s e/
[ G ke 40 BEAL B i TRREORBFTE s, S 550025 )

O OE RIS A AE AR S X - SRR W R TR A | A LR A A AR A R S D)
ALK 5 R DG R I SC LA B N W U7 R e e 25 AR b (O AR ) R S Y AR B S (4B BEURRORIT R SR R A )
19 I (0~20 em) ABFFEXTG, 2 A HURR S 41 53 1 A W e v AR Z e BIE9E T AR 2 5
A UK S 20 G i R W 22 R RO T 20 B AR AR RRAE  OF o T A LR A o SR R G R
SERFEH: (1) MBS WEERS I T 3 ek S 4535 9P H 0~ 10 em 1JZAHXF 10~20 em 42 Z 8 s
B3 (P<0.05) . (2)HBIKE W AL T LIEBAEY B ZREMERMIFIARXS T 5 o 2RI R KA B35
Ak, (3) A RS HIER) EEAR AN ] N R4 2N (unclassified_k _ norank_d__Bacteria) U 2R
[T ( Actinobacteriota) | 2% J& T '] ( Proteobacteria ) F1 R #T 18 '] ( Acidobacteriota ) , E B AL FEFH N T4 H ']
( Ascomycota) KR4 (unclassified_k__Fungi) .48 F 5 ] ( Basidiomycota ) F18% {4 % [ ] ( Mortierellomycota ) ,
(4) 5 I LR S 535 DIRG9 B X TE & norank_f __67-14 | TIELIFF RS |
norank_f __ Humatobacteraceae . 5% % 1 J& N T B W '] 7 W) unclassified _p __ Ascomycota , Setophaeosphaeria .
unclassified_o __Helotiales .unclassified _o __Pleosporales | HNBEEE e E, unclassified_o __Sordariales . LR
J& HIREE SMREEE . T A SRR TR A A TG B B S AT LA A LR I AR R U
AW iEE LR TR TR T VR T RE TR 1A S A B B2 20 3 AR AL OGS A
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3 HLAK (soil organic carbon, SOC) AR5 HAR &
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(1. School of Geography and Environmental Sciences, Guizhou Normal University, Guiyang 550025, China; 2. Karst Research Institute of
Guizhou Normal University/ National Karst Rocky Desertification Prevention and Control Engineering

Technology Research Center, Guiyang 550025, China )

Abstract; To explore the effects of vegetation restoration on the structure of soil microbial communities, the variation in
soil organic carbon components, and the interaction between microbes and organic carbon in karst plateau canyons, soils
were collected from O to 20 ¢cm depth in cropland (control) and under typical vegetation restoration ( Zanthoxylum
bungeanum and natural secondary forests) in Guizhou karst plateau canyons. The contents of soil organic carbon and its
components and the composition and diversity of microbial communities were determined. Changes in soil organic carbon
and its components, microbial diversity, and community composition after vegetation restoration were investigated. The
relationships between soil organic carbon components and microbial taxa were analyzed. The results were as follows:
(1) Vegetation restoration significantly increased the contents of soil organic carbon and its components, particularly in
the 0—10 cm soil layer compared with the 10-20 ¢m layer (P<0.05). (2) Vegetation restoration significantly altered B
diversity and relative abundance of soil microbial species, although no significant change was observed in a
diversity. (3) The dominant bacterial phyla in all samples were unclassified_k _ norank_d _ Bacteria, Actinobacteriota,
Proteobacteria, and Acidobacteriota, and the main fungal phyla were Ascomycota, unclassified _ k __ Fungi,
Basidiomycota, and Mortierellomycota. (4) Bacteria closely related to soil organic carbon and its components mainly
included Asanoa, norank _f __ 67-14, Solirubrobacter, norank _f __ Illumatobacteraceae, and Streptomyces from
Actinobacteriota and unclassified _p __Ascomycota, Setophaeosphaeria, unclassified _o __Helotiales, unclassified _o __
Pleosporales, Cladosporium, Setophoma, unclassified _o __Sordariales, Metarhizium, Codinaea, and Exophiala from
Ascomycota. The results show that vegetation restoration in karst rocky desertification control can promote the
accumulation of soil organic carbon and change the microbial community, among which, Actinobacteriota and
Ascomycota are key species affecting changes in soil organic carbon and its components.

Key words: karst soil, karst rocky desertification, vegetation restoration, soil organic carbon, soil microorganism

LA HLRR 7 M KRR R G P e A T A

45 ¥

AEYRMERR . REBEDIXT SOC S HA &
B (2T, 2023 ; BE ST AF,2023) U
A v 2H M 2 58 DRAR B S e A 9 A A vl R 2
Xf - SRR 410y oA U ez, R 4
FEEE AT Lor G A HLOR 6 P A HLAK (Patton et 2500 LR RUE W RETS 4540 . UL, 38 DI 27

al., 1987) . TG TEA HLBR X - 18 PR 55 A5 1k Ay mieg 7 A2
SRR, By A AR O it () SR, 2015) . EA IS
BT TR K X5 SOC K 21 43 A8 Ak i 5 i ( 25 1F
A,2006; F1 X FELE 2020 2 W54 2023 ; 5K
55 ,2023) o SR, AE MK R XF SOC B 41 43 1 5%
M 75 i) RIS 3 A7 A N — B0, HL A A 2 R A ff
P, ARV B 980 (Rong et al., 2020) (39
(Deng et al., 2016) o % A X % ( Chen et al.,
2017)SOC &, X ] fE 548 8 VK 52 I 19 45 Fh A=
YR AR B R 2 G R B A B S R (Xiao et
al., 2021) .SOC 21 4y 19 2% 4 ( Schwendenmann &
Pendall, 2006 ) M 5 1 14 ( 27 R0 55, 2023 ) 1k

M T RRAR K S S U W RE TS 5 SOC A
TR R,

TP 1 A AR 06 M 2 5 ) - S e 1 A e
LA VR 5 P 2 A A R e ft 3 ] e 1 1Y) B
FLFEHR (Lewis et al.,2010) , Fi B MK & 2 52 i) + 1
AR A, o A SRR RE TG
B, HE s £ A S RE R E S (X &
Wang, 2014; Qiu et al., 2020) , +#iF] A L4
SRR SOC 1 7A24k, SR A [A] + A HF
A W) R A SR SOC K4 o3 i 3h SAAEAEA
e Pk, A B &= 1 HE AR B B A, AR Y
FE G ] DU o A W A K sk AR AR
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ZREE TGN SOC A, AHI , KEAH Y 3R 4
ik (8 i AT R 2 AR AT - R Ak A A ok e ) R TR
B3 ik A BB ROR i 4 5 B0 S R i
AR (% JE R, 20225 2R 0T B8, 2023 5 B A W 4,
2023) . SR MR )T T SR E M RE TR S
Tk 20 53 2 8] 19 AH B A FAT A1 2 #2570 (Zhao et al.,
2018) . FETEMPSEFFIETR s A 2K HE S SOC M
A7 UIAH G W R W 2, U FLTE G 585 10 e 347 4 A
RGP ILRGE,

b VY R IXORR #5280 A T AR D
51.36 J7 km®( i 5%, 2008) , H T Mé 55 14 b o 15
SO BN & B R S N IS Bl AR
A R AR ™, S BCA EAL ) E 58 (Jiang
etal., 2014) . HH| 1999 4 L)L J5 iR B i Ak F0 A7 35
AR BT AR B9 S, 7K 0 R A B A ], A B
bk e A5 B 808 Gl 8IS, 2016) o HE
Bl 52 0T W i R b DX S5 ML A R 7 5
BN R 2 B e MG 58 AR AN R 0 Bk [ A B 32 B
(Hu & Lan, 2020;Hu et al., 2018) . Ptk i@l
BRI A7 3B 1 A Ay o il 2D TR AR A Bk 1Y
— T T O Ok 9 e A e B AR
(Deng et al., 2014) , T\ A W57 3% B W& Hr 45 b X AE
PRI REAE AR HE SOC 1Y fift £7 A ER 2R (0 IBUAR 45
2016; Yang et al., 2016; Hu et al., 2018; Lan et
al., 2020; JoJ3 5 ,2022; B URIESE ,2023) , BAs
A W) Y% 4548 ( Xue et al., 2017; Zhao et
al., 2019, Li et al., 2021) . ZR1, X LA 57 IF &
P B A W 2 IS TSRV E RIS 5 SOC K 403 1Y)
FHEIC R, ST, A 5T LA 5t N 68 307 Ay ey Jit ke
BACTLAT BEAL L5510 B8 X O 5T X, LAAE M
- By 0 BRI 2 b 32 SR B R AR (N TR
PR R AR R A bR ) R )Z (0~ 20 em) 3 WF
FEA G, W E SOC K dl 4y [ 5 AAL A HLBk
(easily organic carbon, EOC) . i % F #Hl ik
( particulate organic carbon,POC) #1445 & A HLAK
( mineral associated organic carbon, MOC) | & &, >Rk
JH e 388 I B R g3 A SRR W R s N £
REVE SRS LR [l (1) A gl 5 R 1 2 el
TIEBAEIREE S ; (2) A PLRR S 45y dn ey
M AR PR O, 3ok 68 A S 75 5 TCAE R T AR G
B, SRS BE A WA 5, AWESE LI Sy g i
AT AR b DR Ab A Bk AN A g8 Y AR SR AT B
WA

1 k577

1.1 FFR XHER

WF5E DAL T 52 M B8 PG g A A M 0T B 5 22
TG0 B 22 B AL i db 85 VT ke 45 A6 VT B, ST R
51.6 km* o S A 88.1% , WFFEIX O it A
W S0 o SR A AL TR 450 ~ 1 450 m, B R
W AE PR G R, R A B X BT
DCJ&E T M L R IRy T I A S AR Y R 18,4
C, FHAERKE 1100 mm, HHELIA K+ FE,
TR H o A A i 2, e R OROK M T 5P
2 KB R H, A AR ERE, A S HEE A+
I IEsE

A 1999 4F [ Z A SR #F ik At i 5 H ( Grain
for Green Project) Jii , K i #k iR BF - A T AR Ik
AEMRORI R TR AR TR A R R AR UMK o A 4 1% Ty
15~20 a, KIRUAEMBERZEA TR HEARFIH
AAE ), T B BN A M (Toona sinensis) | 28 F
( Koelreuteria paniculata) .FEMi ( Mallotus barbatus) |
S K ( Viburnum  dilatatum ) | ¥ B £¢ ( Mallotus
philippensis ) 55 o AEHUMRBE I Ry 02 1% X A B Ak i 21
A AW IR T R v O S 2 BB 28 T B AL B (11 X
55 ,2020) o ALABURK Y 45 1A R, A AR
FEHATEATIE 24 19 18 59 45 B IE AL BURE 8 A5 A% 1 R
A X, I 2 R BR FOR) S A IE AR 2
B b 32 TR0 A K, SR F A% G AR VR O 20 A7 AL
R EAR A WIBR R AL (AIE  E A IR K
JE) B A
1.2 Hig B T EERREMFARTR

2018 4F 11 A, W58 X NI 3 AR M
SRR SR M AR A A U AR AE AR AN B 4 3
it - R FH 2B T AN SR AE MR b IR AR
AEBEURR S 1y A 8 00 S B R A A0, 3 ol - il 1) ] 28 A
A PE | SRR B Wlre) RS H AR SR
TERMRL(R 1) o 78 3 D RAEHL A PR AR B
ARk b o3 0 B8 3 ASFETT AR DT RN R 10
mX10mSmX5mMSmxS5m, TEENEET
4 B S UG IR A RATE, 73R SR)Z 0~ 10
em H110~20 em (9 138, JEREE 18 4> I FE A
BT FEZ 2 kg, LHERAEE A TR B R AR
TRA 5], A7 8] 52 40 % 25 B b 3R U8 V% W) A 7 JF
H AR WS & 2 mm 0, T 3 BEAL M o
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Table 1 Basic information of the vegetation restoration plot
KA b 5, N SN i3 IR
REAR A G i Ees By R
Sampling Land use ¢ Lonsitud Latitud Soil 1 Slope Aspect Altitude
site and use type ongitude atitude oil type °) spec (m)
1 HE b 105°36'36" E 25°42'00" N AKE 24.892 1 75 758
Cropland Limestone soil West
AEARUMR 105°36'36" E 25°42'00" N Fay & 28.101 5 (i) 754
Zanthoxylum bungeanum forest Limestone soil Southwest
RIRW ALK 105°36'36" E 25°42'00" N KL 25.323 8 [LE4 738
Natural secondary forest Limestone soil Northwest
2 Bt 105°37'12" E 25°42'00" N At 17.631 1 PR 842
Cropland Limestone soil Southwest
AEHURR 105°37'12" E 25°42'00" N Fay 16.184 6 (i) 846
Zanthoxylum bungeanum forest Limestone soil Southwest
RARW A=k 105°37'12" E 25°42'00" N Vay/ & 14.567 5 [k 820
Natural secondary forest Limestone soil Southwest
3 Mty 105°38'24" E 25°41'24" N Akt 15.980 7 [&] 735
Cropland Limestone soil South
FERUAR 105°38'24" E 25°41'24" N Py 11.708 6 R 731
Zanthoxylum bungeanum forest Limestone soil Southeast
RARW AR 105°38'24" E 25°41'24" N K+ 11.329 0 i] 739
Natural secondary forest Limestone soil South

FA AR A2, = HERE Y Re 0 48 T 5 K
WA B F M FEHITRE, 2 HIRERZ 0~
10 em F1 10~20 em [ £ R LY 25 ¢ Ff28 A KR
B T % KA Y K s Bl S e = JF T
-80 CHRURMRAETEH T A 8T, ABE5E
TIOR3 M X R DL SRR B AU AR AR
TAREZAEMRA RS (E 1) .

1.3 athAE

1.3.1 R3EAMB R o T AL BT
i 0.25 mm §fi 5 FAG HCL(4 mol - L) R ICHLER
fifi FH 70 R 43 B A - 52 W) 47 % FT 3% {L ( Vario
ISOPOTE Cube-Isoprime , Elementar 2\ &) , i [# ) il 5
SOC & #, £ Cambardella F1 Elliott ( 1992) (177
ZE POC A1 MOC 1) & i, BARERAE Qi T . FREGE
2 mm G T HEEIE 20 g, A 250 mL = A,
IMAANBE RS (5 g - L) 3£ 60 mL, 4% 10~ 15
min JEHATER XRG4 (18 °C,90 v - min™) L4k
¥ 18 h B HORGE 53 wm 555 FH 2585 1K ok 2
TR, T L WO A PL, e TR A
80 CHET 24 h iR EIFIHE L & ME
Iy L, B G BB i 0.149 mm 7, B 24 ke 5
FE SOC i, e LUH T 4 - 1 & 43 L A% i POC
T, R (<53 wm) NEYIEEEAHLUR, H
MOC &1k SOC 5 POC Sz 2,

+ 3 EOC & & W & R A 333 mmol - L'
KMnO, &kt 8.3 ( Cambardella & Elliott, 1992) .
FRIGE 0.25 mm G5 B EAERCA 50 mL 25048
t fITA 25 mL 333 mmol - L' KMnO, %W 5 T4
AL LR 1 b, WEF T2 (ke 3 IRE R, IR
VG RER B0 5 min(4 000 v + min™) B BT BT
REFKIE 12 250 Wk, HH 3 Lot 565
nm PR AL AT A AR A S FE ) KMnO, 1 FIA 5
TR AT R TR L EOC SR,
132 2EMAD (MAFAR)BHE LN ME
) DNA $2BCHIINE . A4 FastDNA® Spin Kit ( MP
Biomedicals, United States) DNA 1 &5 & 3 47
TEPRE T S DNA 32, FI R 1% B IR 0 5E e
WKAG T DNA ik (R S5 V - em™, B [H] 20 min) ,
DNA ¥k B Fn 4l B ff H % 5 4 o o B it
NanoDrop2000 ( Thermo Fisher Scientific, US) #17
M E

llumina Miseq I /7. 3% H A 51 4 338F (5'-
ACTCCTACGGGAGGCAGCAG-3") 1 J5 51 ¥ 806R
(5'-GGACTACHVGGGTWTCTAAT-3") % 1 4% 4 14
16S rRNA JE K V3-V4 X iEf7 4748 | 3 H AT 51 9
ITS1F( CTTGGTCATTTAGAGGAAGTAA) FlJ5 519
ITS2R ( GCTGCGTTCTTCATCGATGC ) Xf + 38 B 7
ITS1-1TS2 X 4T PCR #7314, ¥ Al —FEA K PCR



6 1] 2RI o W g DI A A7 T R AR B 0 - S A R R S5 A A AR RO SE e 1023

FEPIR AT U 2% BTG EEI 19T Wi PCR 74, A
H  AxyPrep DNA Gel Extraction Kit ( Axygen
Biosciences, Union City, CA, USA) #47 U=
afifl, 2% 35 NR E BE S HL VKA T . K PCR 7
Quantus™ Fluorometer ( Promega, USA) #4746
FE i, MRS RS REAS B I R R HEAT A N L
Bl A . 8 NEXTFLEX Rapid DNA-Seq Kit i#
1 A Mumina 23 7] f9 MiseqPE300 “F £ i
P ( B s A BE R A W) .

JF 5 e K Wl VB < ] Fastp S0P % 46
Wy PP 9 A7 B g, (8 Flash FRAFE T PR, ff
FH Usearch A4, #4897 % 1 AH oL B2 X )3 51 iff 47
OTU %3, Il il UCHIME %4 5Bk A 14, 15 5]
OTU & % 77 41, Jf 4= WL OTU £ 4%, | A RDP
classifier ( http://rdp. cme. msu.edu/) LA Silva % #i
JE (SSU132) N Z % X 13 45 P B b AT Wy o 03 2
BT B O BRI BN 70% .

1.4 it A%

2 5 K4 R ) Excel 2019 Fl SPSS 26.0 k{4
HEATAL B FFH Origin 2021 22 K, R H B
E 7225007 (one-way ANOVA) FI £ & H# /D
& 2257 (least significant difference, LSD ) 43 #T 41
BRI XF SOC S AL 7r & H MW (P<0.05) . %
HE W V% Z2 #E P (Shannon A1 Simpson ) |\ #7% + &
J& (Chao 1) FIFFE BTG A (B ) ) o ZHEMETR
U Mothur ( version v.1.30.2, https://mothur.org/
wiki/calculators/ ) 718, J-1#i F one way ANOVA Fl
LSD ¥ 73 M As [ - F1) I 18] 19 22 57 ( P<0.05) , fif
H FE A& BR 43 B1 ( principal co-ordinate analysis,
PCoA) il ANOSIM 7341 (P<0.05) , LA AN [H] -+ 3
H 26 B 2 (8] 7Y 5 A 0 HE 9 AH BLPE S Kruskal-
Wallis H-test (P<0.05) F T4 45 2 4 FE i b 2
WrEEETAREEEZR, RAK KRS
( Spearman ) FH &4 #7 LI W HETE 5 SOC K4l
ST FR (P<0.05) , I ffi | Heatmap & W] #L 1k
F & PCoA, ANOSIM. Kruskal-Wallis H-test,
Spearman % A 3¢ 43 7 Fll Heatmap #J{fi F R 1B &
(Version 3.3.1) SE#E

2 HER G

2.1 TEFHHBRRASSETK
FEBEIR & 3% 5 SOC M Hi2H 43 & i (MOC

BRoh) (K 2,%£1), 24 +ZH(0~10 em,
10~20 em) SOC S H 20 73 % 1 i A8 fb g I AR
WHAMS LR SHEHL, £ 0~ 10 em 2, 58
HAHEE , FEARA T SOC  EOC , POC 1) 5 12 43 51 42
W7 8.7% 19.0% 47.5% ,MOC &+ N T175.3%;
WK SOC EOC . POC MOC By & By M4 T
38% .53% 118% 9%, 1E 10~20 em + )2, FEH
MORA AR SOC MOC 1 5 i 55 8 b ¥ A i 35 34
i H POC &4l T 69% 1 45% . 5 iIkA4:
MRAR L, AEHUPR POC EOC Y &5 A #F b 42 T i
BN,
22 TEMAYESHERBEEARTK

TE OTU 432524 K R, PCoA 43 H & BBk L Al
AERUMAE 32 1 0 b b 5 R SR UK 2B MR At o % A I
W25 (K 3. A.C) s Bk 51 5 AU RN KSR UK AR
MR ECREREIS 76 PCL S AW 255 (& 3.B.D)
ANOSIM 4[] 22 5F KB, 7 0~ 10 em L2, 40
(R=0.390 9,P=0.006) F1E 1% (R=0.308 6,P =
0.019) BEALLAAE 3 Fl 4 A FH B A J 3 22 5 (&
3:AB),7E 10~20 cm A9+ )ZH 4l E (R=0.358 0,
P=0.043) MIE# (R=0.423 9, P=0.028) LIS 41 1,
e 3 PR A B B 2R (K 3.C.D) , Hf
TR ARG B B A RV 22 A K

FET T ZOKE TR Bk H A6 AURRORD 8K YR A Ak
A B AR B 2 R K 43 S 40 B (unclassified _k__
norank_d__Bacteria) .2k B '] ( Actinobacteriota ) .
s & W 11 ( Proteobacteria ). M ¥ W |7
( Acidobacteriota) F14¢ 75 5 ] ( Chlorofiexi) , 7F 0~
10 em HJEH (B 4.A)  RTEME JHLE] E
TETR T 2 B 11 RN R AT TR 1A B i 46 BBUMR T R
SRR AE AR (Y b ] 43 0 R 64.40%  13.07% |
6.21% .6.22% .4.50% ,62.50% . 13.48% .5.70% .
5.65%.7.07% F1 43.37% . 25. 32% . 12. 32% .
6.26% 4.24% , o L W T i AL B K, 78
10~20 em LJZH (B 4.C) , RAPFKEME L& E
T BRFTEE T AR B TR S S B ) AEBE L AE AR
MR SR Wk A AR R B ) 4 Bk 63.03% .
11.48% 7.11% .5.60% .5.75% ,64.36% .12.67% .
6.23% .6.01% 4.88% Fl 58.44% 15.52% .6.78% .
6.00% .5.25%

FETTAZOKE T Bk H | A6 AURORT 88 TR A= Ak
B 3 B B R R FHE R ] ( Ascomycota) | AR 43
2 A B (unclassified _k __ Fungi) . 1 T & [']
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( Basidiomycota ) FI# ffd 751 ( Mortiereomycota ) , £
0~10 em W HJZH (K 4:B) , THRET RIPFKE
TR H TR AR A R T T TE B M AEABUMR AN R A8 Tk
AR e LG 53 1 S 88.37% . 1.89% . 1.73% .
6.89% ,76.56% .7.27% .3.94% .10.49% ,56.40% |
26.32% ,14.59% .2.20% , 1£ 10~20 cm A 12
(K 4:D), TR R EAE AH T3] F9L
6175 1T AR Ml | A ABUPR T K 9K U AR AR b Y L 491 53
A 82.93% .5.49% .2.82% . 8.05% , 84.28% .
2.46% .9.27% .2.82% ,67.82% ,19.50% .9.77% |
2.29% , S b B ML AR RURRORT R AR U AR AR
TEANTA | FL YRR AL, (E A X 2 8 22 RO

I 5 AT, 3 b b A 2R A 2 8] OTUSs £
TEZESE o 15 0~10 em B+ )2, 3 Ff A b ) F 2 Y
A1 791 DT OTUs, i & OTUs 1928.64% (4]
5:A) Bl AEABARAIR IR UCEM A (9 OTUs %
I 929 4~ 1 123 ASF1 795 A~ (Kl 5.A) , 7F
10~20 cm (YA JZH, 3 Fh A A S HILAT 1 681
A OTUs, 5 &L OTUs 1Y 27.36% (K 5:.C), #F
Hiy AEAURRAN R AR UCAE AR R Al A 1 OTUs £ 53 il
1097 4~.836 4~ F1 1 080 4~ (F 5:C), 7E0~10
em [+ )23 B R R AU SR 414 D EE
OTUs, i & OTUs f915.29% (& 5. B) ., #iHh FEH
ARFIR IR UCAE AR P AT 19 OTUs Ui 73 511 2 441
A~ 440 SF1 717 A (B 5:B) . 7E 10~20 em 1 )2
3 Bl A IR B IE A 344 A R OTUs, 5 8
OTUs 1 13.82% (1 5:D) . #f Hu AEAUBKAN R SR I
HEARHR A 1 OTUs %id 735 o 491 4> 374 > Al
720 (BT 5:D) o LR EAT YRR L5 B SR LG A R
A YRR LB

FE OTU 3 2K22 K NI L BE TS o £
REPEAE AN [ A1) 26 20 ) 25 O 3% 22 ¢ (3R
2) , YR B R S A B S O A R B R TR o
ZREE
23 TEANBRAS TUMTIERENLBENIXR

Spearman FAH 3¢ 4 #fr £ B, SOC . POC il MOC
By S g 6:A) rp R B EC T R .norank_f __
67-14 \ TIRLFFHE norank_f __IHumatobacteraceae |
75T )& M norank _f __Xanthobacteraceae IR AR XoF 3=
BE B FEIEML(P<0.05), 5 norank _f __
Gemmatimonadaceae X =F i 5 B 3F AR (P<
0.05); 5 E®E (Kl 6:B) " unclassified _p __

Ascomycota . Setophaeosphaeria ., unclassified _ o __

Helotiales .unclassified_o __Pleosporales FlI unclassified_
k __Fungi (AR R 5 B FIEASE (P<0.05) , A%
HEE W fE . unclassified _o __Sordariales . LA
WE ., H % & | M % 8 M unclassified _p _
Mortierellomycota 1) AHXF 42 B 5 1B 3 A M OC (P <
0.05) . SMA b, KRS S5 HLIRE 73 B DIAR G Y &
B @ T T Ve 1]

3 it

3.0 EH I EX T IEMAE YR E SN
ABGE T, B Hb 5 4 R SRR A AR B AR R
F R AR ] BRI R
MERSTE ], 33X 5 LA w3 4 X G T4l Bk 2
JE R FE A R — B (Li et al.,2021) , 5 40 & A9 KL
AAARL, 1T17KSF 1, 3 Fd 4 b A1) 28 80 1 38 EL 2
DIFRETT R KERE R I BET
PESAETR , o -  B 1T RTH 58 1T o b ] 2
7 80% ., iX 5 HA wE Hir 4 H X ) BIF 5T 25 R — B
WMPRECEAE (2021) & B VG PR L0 4 4 A3 b
FEARM AR JE A AR 3 Fh R AR 1 18 R il
BT HF BT DR T FR 20 28 FL 2 0, H
W TR RN 1R T RT 7 L 2T 80% , TR ER
%5 (2020) RIS 5 R 4 R 75 =
TIEEE DL F R SRR, 17 # T oK
AT , X R IAHEIY XA K R S5 A L DL 3
52 AR BB AR W 2 B, e 38 IR X S T A W fE
S AR LY b3 WA W] () £ HE PR BE . BLAbh, o] B &
- bR FH s % S A A Y R 2 — S AR
R A &, AT HxT - el A W e 75 1 5%
e AT BEAE B I [B] N P S2 A7 (SR R 3L A5,2019)
AEHEUPRRN YR A AR 1 p B b 2 i ok, A S m] A 1
ORGSR, Qiu 5 (2020) & B = B W 1
ST A 7 N i e < 1 G e - S
Verrucomicrobiota Fr F- & . X 1 fE & K Ay W% 30r 4 2R
REEMEE SRR ETE 2N MY
(Jiang et al., 2014) . JAE MK I 3940 1 A1
FLRAR ST T T R B A ARk (H 2 A BiF 5 36 B H:
AR 3= B VRV 28500 & A T WA i AR fb ik U BH 7
FEBEZSTY | A M A PR+ 4 2R 8% 45 PR 2R i L R A
JATF (Xue et al., 2017; Li et al., 2021 ; FREE 55,
2021) , HIEAESHE T KA T oA, i 8 4 1
TR R EL TR B TR S R AR A, RN RE AR
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Fig. 2 Effect of vegetation restoration on soil organic carbon fraction content
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Fig. 3 Effects of vegetation restoration on the B diversities of soil bacteria and fungi
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2021) ] BB T SOBCZ TR T B AE R = R A
MEE, ST 1A IREIRAWETT, & E
7240 Z 19 + 4% ( Costello & Schmidt, 2006) ., Lan
(2021) WF5T K B RE M FAE UM G 3 2 K T
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Fig. 4 Composition of bacterial and fungal communities after vegetation restoration

XEE AR, AR TR R TR T3tk 8 75 i 4
SES% RN ( Griffiths & Philippot, 2013) ,i& & 7¢
AP & = ME R E 0 L A AE (Fierer et
al., 2007) ., Zhang % (2016) f1 Wang %5 (2018) &
UESE T #E R B AR 3880 T AR T 18 1] 9 A X =
o SR ASHIF O & IR B 2 I AR T 1A T B A
XEBERUAK, X REREF N EEHITHKZ
BN GV AT Tz R B SRR AR ) e R
4y % Z—(Gupta, 2000) , BEAN, B H it 1 £k A A
AR T AR ETTHFEE (Yan et al., 2020)
FERR S R T ¥ 2 581 11 B9 AR =F B (62.06% ~
85.71%) , KRR MR 318 1] 00 EL ol B 1K, X1
LRAFE(2019) & BBE A HE WK T TR T T AH
XMEFEZW TR, FRE T EZNEAR, &

+- b B AE ) 5R AR SE R Sy 1A DLW I )
A AU B AR VR ok U Y g ]
AR B (BB 45 ,2021) . X S5 AWERY
(R 25 AR I, 3% 7T B 5 0k Ml 37 45 52 1 0 3 TH 2R
FEA (a0 - aE e AR ) o AR R R T
FHTHEIT(3.61%~17.02% ) (AR F R, X Al g
SEAERUMOR IR Az MGE S R 4F H 438 pH E AR
AR T B T TR B (X a7 2 AE,2022)
TR 1] RE A% R Ak A JoT 2% S5 M LA 40 e 160 A BIL ) Jo
(BMIFEE 2023) , BEHLAE B VK 52 Z AT A T
PR, AH T e A B 50 0 BR, B & 5
A 53 A i AR S A ) 22 A9 P T 3 o ) T
MR AE K (REEBESE,2019) . AWF
FEPR A AN W e B, R R E R A —
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BS5 TEAFEMEFEHNYT Venn B
Fig. 5 Venn diagram of bacterial and fungal species in soils

FE B, TR R B TR E, iR
R W TR 1l DX TR A5 1 A

FEWIK A e T30 B R B R o 2R
To i E A, R o RN A R 6% A2 Ak e
MU, X5 Sun %5 (2020) FIKEEHLSE(2019)
IS5 —8, FRHk(2021) IBFIE & B, w5 0 b
JEr A B b XA [ A s R 5 A X - 9 A4 R R L TR
WG 2R W, SRR O R LA
B A AE G, AR, BT A T, Bk 1
20 B RN L A T TR A R A N AN R, o K A
V% (8] () 5 4 B AL T 25 8] 0 AR ABURR 1 T A=
BEIE 52 N T, RAR IR A MILF&A NN

T, EHEMAERS R G nT REAH X RRE , i b A R £
R DG s K s e, 80T UE WV 26
PES PRI e A Ch 3R xSk W B
T Z R RZ IR T BB A B B [ N S A e, B
FFGE I, B R VK 2, - HE AN TR B V% 2 A 1
REAR (TR i 45,2021 ) , 3 FL B BE VR 2 A0 1
N ( Liu et al., 2021)
3.2 EERE X T IEE YRR AN KT

SOC & EEZWMIEY MR WY DL I
Py 55 1) Bk iy AR A SR R R 9K R B i i L ) o
5 (Ji et al.,2020) , AFFFREER IR A K 2 A
R BERE T SOC K4/ 5 (MOC BRAM) 4
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Table 2 Effects of vegetation restoration on soil microbial o diversity

= ERES LYy Chao 1 4541 L Shannon f£8 Simpson 8
Soil layer . . . . .
(em) Land use type Microbe Chao 1 index Coverage Shannon index Simpson index
0~10 it il 722.31+46.10a 0.997+0.000 2a 4.100.24a 0.053+0.013 0a
Cropland Bacterium
B 3081.70+111.36a  0.970+0.001 la 6.38+0.04a 0.004+0.000 3a
Fungus
AERURR 4 TR 760.52+17.51a 0.997+0.000 2a 4.34+0.20a 0.037+0.008 Oa
Zanthoxylum Bacterium
b“';f::i“m HE 2 651.97+124.73a  0.980+0.001 2a 6.26+0.08a 0.0050.000 4a
N Fungus
RAIRK AR i) 948.25+133.79a  0.995+0.000 Oa 3.51+0.34a 0.120+0.020 Oa
Natural Bacterium
Se?md?'y B 2565.88+111.51a  0.980+0.001 2a 6.16%0.11a 0.010+0.001 0a
ores Fungus
10~20 Bt ik 620.25+55.38a 0.998+0.000 3a 3.91+0.27a 0.062+0.018 0a
Cropland Bacterium
HH 3081.70+111.36a  0.970+0.001 la 6.38+0.04a 0.004:0.000 3a
Fungus
ALHEURR i) 631.91+20.36a 0.997+0.000 Oa 3.17+0.11a 0.210+0.020 Oa
Zanthoxylum Bacterium
b“”fge“’i”m HE 2 857.62+163.64a  0.980+0.001 5a 6.21£0.12a 0.010+0.001 2a
ores Fungus
FIRUK LM il 794.35+95.98a 0.997+0.000 3a 3.43+0.48a 0.150+0.050 0a
Natural Bacterium
Se;s:ii"y HE 2 661.34x110.82a  0.980+0.001 Oa 6.12£0.09a 0.010£0.000 9a
B Fungus
o MRVNG FRFRR TR E 25 5% (P>0.05)
Note: Same lowercase letters indicate no significant differences (P>0.05).
R RAR K AR A LI & m B o i 3, X RN A YR 7 Rl b A S R Ge i i 4R

A g IR A e M A P B R A A R
12 AR R 70 W) ( Cambardella & Elliott, 1992) ; K
SRULE R 4= W (2 278.32 g+ em™?) KT AEML
MRHE A ) (681.39 g em™) , T 75 K 4R UK
AR BILBR B A B S, SR AE R 2
A B BRI MOC B, 31X 5 H b i 37 45 b DX BIF 5%
ZE R — 3 (Xiao et al., 2021), JRERABLLT 2 07
T . —J7 1, T MOC J2& 5 Kk 6 1) B 45 4 19
BB Sy, MR FE R ELAR ME 20 ik, %o - 3t 1) FH 1
ARAE AN EUE ( Cambardella & Elliott, 1992) ;55—
1, A 2k K AR B A HLA I i A R
WA BE IR B AR XA, JE PR PE B POC A 2 f&
SER MOC 4k, T MOC 25 388 i (71 7% 4&
25 2018) , BRI &, MR S AT DL £ e
BLBR 1Y 75 18 FF 77 A2 B8 Z2 6 A BB 4 47
33 EHME T EAE MR T IEE YRR
THEMAY RAESRE SN EEIK A

Yy b R4 2 3 50 35 v & 4546 EAE H (Zhao et
al.,2018; Wang et al.,2019), MAEWAEHZY
SOC 4k, i HLAE#S K SOC A AR N H B 40 i
MR, I LAV E D 5 AT 07 P B i £
HEE Bk 1Y 35 S5 (Ma et al.,2018) . SR, X Fh
B SE AT RE B AR ) B i R A 2 B % 72 A T AN [
(Zhao et al.,2018; Yan et al.,2018) , HH#1k & 155
T IR YRR B2 4R, AT BE R SOC Y
1 A& & AR ( Zhao et al.,2018) , ARWFFE & FL
TR E T SOC EOC \POC 1% 1 5 4 1 1] 1
J& & B K R & | norank _f __67-14 4% B W R |
norank_f__Illumatobacteraceae . + 3 LI FT 1 J& , 2 TE
W 8 )@ norank_f __Xanthobacteraceae , ¥ £ | ] HY
J& unclassified _p __ Ascomycota , Setophaeosphaeria .

unclassified _ o __ Helotiales . unclassified _ o

Pleosporales N A 4328 ELTA (1) AH XS 42 8 5 B 35 1B AH
K(P<0.05), RUIXLFH R AT HE (e SOC KA
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Fig. 6 Heatmap analysis of soil bacteria (A), fungi (B), and soil organic carbon fractions at genus level
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SIIEGIN . AR S TR T R EE T
SETE [T A AR F B2 B 2 B8, AT T SoC A
oy i, R W)X SE T T RE e SOC 414y
OIS I, A0 R, 2 5N W R € B (norank _f _
Gemmatimonadaceae) . FHEWE IR & e 18
& .unclassified_o __Sordariales SFEFE BHEER.
SN RS B AN B RE R € J8 (unclassified _p _
Mortierellomycota) ) A XF 3= B b 2 1 A & (P <
0.05) , R IXLERIER I T SOC WY Zh Ay, Hi
BRI 5 Rk 1) A 400 5 B i A\ AT RE 2 IR R 38 1L
A= W%k i R R R A3 OGS - S AL BT 1Y) 0 i, e ¢
SRR S B Y80 (Fontaine et al., 2007) . &
K1, 5 SOC KA AR A VAR 6 2 200 3540 1 Al
FLTR 3 0] A AR T )R TR 1], € WY 3ok T 2 5C it
Tl 2T B R 5 T R S AR K IS SOC M
oy BRI AR SCHERTE . B AR R
M2 T IR R RN R Ry T X se )
FRAYZIE AT LLIE i S it LR A A k-1

4 Hiy

(1) W58 X 2 aed 4 i 1 52 3 B T LA S 2% 4 T
SOC L4y 5 1 HLi% A ALKk 26 73 52 T 38 05 1]
2, DA AT DLSRAE - o 1 A RO

(2) WFFE AR BRI IR B F L o ZHEE,
{EL 25 A T AR R LR A TR B AR . MK
S A R USRI R K A AR, 3
oA HIZE RS 3 20 40T I O TR 1] AR
T BRAT T TSR 1] 2 B s 0 1
ERIT AR EREE HTEMYEET, H
JE , X SEAL TRl AR T A R A T AR

(3)15 S0C K1 A B VIR R i 2 i o 3
LA M E R B T T T e, &
A io A 2 S B Aot S L 2 T 18 8 B4 T RE S B2 T A
KI5 SOC K4 BRI AL I S B HE
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